Cerebral aneurysms must be monitored for varying periods after surgical and/or endovascular treatment and the duration of follow-up will depend on the type of therapy and the immediate post-operative outcome. Surgical clipping for intracranial aneurysms is a valid treatment but the metal clips generate artefacts so that follow-up monitoring still relies on catheter angiography. This study reports our preliminary experience with volumetric angiography using a Philips Allura Xper FD biplane system in the post-operative monitoring of aneurysm residues or major vascular changes following the surgical clipping of intracranial aneurysms. Volumetric angiography yields not only volume-rendered (VR) images, but a volume CT can also be reconstructed at high spatial and contrast resolution from a single acquisition, significantly enhancing the technique's diagnostic power. Between August 2012 and April 2013, we studied 19 patients with a total of 26 aneurysms treated by surgical clipping alone or in combination with endovascular treatment. All patients underwent standard post-operative angiographic follow-up including a rotational volumetric acquisition. Follow-up monitoring disclosed eight aneurysm residues whose assessment was optimal after surgical clipping both in patients with one metal clip and in those with two or more clips. In addition, small residues (1.3 mm) could be monitored together with any change in the calibre or course of vessels located adjacent to the clips. In conclusion, flat panel volume CT is much more reliable than the old 3D acquisitions that yielded only VR images. This is particularly true in patients with small aneurysm residues or lesions with multiple metal clips.
Introduction
Cerebral aneurysms are circumscribed dilatations of the intracranial arteries, characterized by fragile walls susceptible to rupture. Ruptured aneurysms are the primary cause of subarachnoid haemorrhage 1 .
The treatment of cerebral aneurysms is undertaken in both the emergency setting when bleeding has spread to the subarachnoid spaces with patients often in a severe condition, and electively when the aneurysm is still unruptured. Technically speaking, treatment can be surgical or endovascular. Surgery consists in craniotomy followed by the placement of one or more metal clips around the neck of the aneurysm.
Recent literature has reported an incidence of post-operative aneurysm residues varying from 4% to 18% 2-4 with a 3-5% risk of postoperative rebleeding 1, 2, 5 . Although these events are less frequent after surgery than after endovascular treatment, the post-operative and/ or long-term follow-up of surgically clipped cerebral aneurysms is nonetheless warranted. Post-operative monitoring is required to disclose any occlusions or morphological changes in vessels adjacent to the treated aneurysm 1, 5 , whereas long-term monitoring serves to determine the possible risk of regrowth or patients presented with subarachnoid haemorrhage, 12 aneurysms were detected by chance and one was found during follow-up monitoring after previous endovascular treatments. Fourteen aneurysms were treated with one clip, nine with two clips and three with three clips.
Angiography was performed on a Philips Allura Xper FD biplane system. Femoral access was followed by selective catheterization of the aneurysm vessel of origin (carotid or vertebral artery) using a 4F diagnostic catheter and the acquisition of biplanar seriography in anteroposterior and laterolateral views. The rotational volumetric sequence was subsequently acquired completed with MPR, VR and MIP reconstructions.
During volumetric acquisition we assessed any aneurysm residue, its location, morphology and size, analysing the deep and adjacent cortical vessel branches adjacent to the clip to rule out any vessel narrowing, occlusion or displacement.
Results
The 19 patients comprised 12 women and seven men with ages ranging between 34 and 67 years. Of the 26 aneurysms, eight were located at the bifurcation of the middle cerebral artery, six in the anterior communicating artery, three in the carotid-ophthalmic arteries, two in the pericallosal artery, two in the anterior choroidal artery, two in the Sylvian trifurcation, two in the posterior communicating artery and one in the anterior cerebral artery.
Six aneurysm residues were detected ranging in size from 1.3 mm to 6 mm. In two cases the residual sac had been left to allow patency of the anterior choroidal artery in one case and the ophthalmic artery in the other.
The remaining 20 aneurysms were completed excluded from the circulation. Any calibre reductions of the vascular segments adjacent to the clipping site were interpreted as vasospasm. The presence of multiple surgical clips did not significantly impact on image resolution and hence did not hinder their interpretation, allowing the visualization of even very small aneurysm residues (1.3 mm).
Discussion
The post-operative follow-up of surgically clipped aneurysms is important and serves to detect any aneurysm residues to be monitored over time, and to assess the risk of aneurysm morphological and/or size changes, and also to rule out the appearance of a new aneurysm 1-6 .
Technological advances have led to changes in the materials and shape of clips deployed in aneurysm treatment. In particular, the clips most commonly used are made of titanium, a material that generates far fewer artefacts in ionizing radiation fields and with magnetic resonance 7 .
The neuroradiological diagnosis of cerebral aneurysms normally relies on CT or MR angiographic acquisitions. Nowadays, these techniques boast very high spatial resolution and diagnostic accuracy flanked by low invasivity. Nonetheless, digital angiography remains the first choice procedure in surgically clipped patients due to the significant artefacts generated by metal clips with CT or MR systems. In addition to being an invasive procedure requiring femoral puncture for catheterization, iodinated contrast media and ionizing radiation, angiography usually entails multiple oblique projections and/or rotational acquisitions to display small aneurysms or lesions treated with several clips.
Technological innovation has reduced these problems thanks to the 3D rotational angiography performed after intra-arterial injection of contrast medium directly in the angiography suite.
Materials and Method
Between August 2012 and April 2013, we monitored 19 patients who underwent surgical clipping to treat a total of 26 aneurysms. Six Given the diagnostic limitations of MR and CT angiography due to the presence of metal clips, these techniques are not the first choice methods for follow-up imaging. Despite major improvements to clip materials in terms of magnetic resonance compatibility, clips still generate susceptibility artefacts: a marked signal drop occurs in TOF 3D images with a loss of flow signal in the vessels adjacent to metal clips. This makes it difficult to assess any aneurysm residues and the state of adjacent vessels 6, 8 . CT angiography is limited by beam hardening artefacts generated by metal clips. Although these artefacts are not as severe as those occurring during MR angiography, the quality of CT images is attenuated in the areas adjacent to surgical clips.
Even with state-of the-art systems using dedicated software to reduce metal artefacts the resolution power of CT angiography studies is curtailed when monitoring carotid siphon aneurysms bearing multiple metal clips or characterizing aneurysm residues measuring <3 mm 2,6 .
Digital angiography remains the gold standard for the post-operative follow-up of surgically clipped aneurysms. However, many different acquisitions are required for accurate assessment of the region of interest 2,6,9 . The rotational technique yields an image with just one acquisition. This image can be analysed in all different angulations, thereby reducing the amount of contrast agent and radiation dose to the patient.
Technological innovation has allowed a fur-ther major diagnostic improvement as rotational acquisition with the new angiographic systems produces a volume CT. This produces not only VR but also MPR and MIP images that have additional diagnostic value being less affected by metal clip-induced artefacts. MPR reconstructions allow better assessment of both aneurysm residues and any stenosis or vasospasm of the adjacent arteries. In addition, dual acquisition yields images with perfect clip subtraction.
Conclusions
Despite our initial limited experience of flat panel volume CT, some of our cases offer good examples of the important diagnostic improvements obtained with these new angiographic acquisitions and image reconstruction techniques. Technological advances are making the follow-up of surgically clipped intracranial aneurysms simpler, more reliable and more accurate.
